We synthesized fluorescent derivatives ofsphingomyelin (N-acyl-sphingosylphosphocholine) and used them as substrates forseveral sphingomyelinases. The following five fluorescent probes, each attached to the terminal carbon atom of the fatty acylresidue, were introduced into sphingomyelin: dansyl,pyrene,carbazole,4-chloro-7-nitrobenz-2-oxa-1 ,3-diazole, and anthroic acid. We compared the rates at which the fluoro-and radiolabeled sphingomyelins were hydrolyzed. They were the same with the following threesphingomyelinases: (a)a purified en- 
with greatsensitivity the sphingomyelinase activity in extracts oftissues or cells, intears, and probablyinhair follicles, as well as diagnose Niemann-Pick disease, either pre-or post-natally.
AdditIonal Keyphrases:
fluorometry fluorescent labels enzyme activity . diagnostic aids fluorescent labels compared with radiolabels "Sphingomyelin"
(N-aceyl-sphingosylphosphocholine) is the generic name for a family of components of mammalian cell membranes and the myelin sheath. In Niemann-Pick disease they accumulate in several internal organs, especially those with a rich content of reticuloendothelial system, as well as in brain tissue (1) (2) (3) . Their catabolism is mediated by a group of sphingomyelinases (sphingomyelin phosphodiesterase C, EC 3.1.4.31), which may be lysosomal, particulate, microsomal, or associated with myelin (3) (4) (5) (6) (7) (8) (9) (10) (11) . Niemann-Pick disease, Type A or B, is characterized by the nearly complete absence of the lysosomal sphingomyelinase (1) (2) (3) , although the activity of the newly described, magnesium-dependent enzyme seems to be normal (12) . The disease can be diagnosed by assaying sphingomyelinase activity at pH 5 in tissue extracts, leukocytes, skin fibroblasts, or amniotic cells (1, 3, 13, 14) .
For assaying sphingomyelinase, a radioactive substrate is usually used (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 
Materials and Methods

Synthesis
We synthesized fluorosphingomyelins by condensing fluorescent derivatives of fatty acids with sphingosylphosphocholine, prepared by acid hydrolysis of sphingomyelin (19) .
For condensation, we followed essentially the procedure of Hammastrom (20) . These fluorosphingomyelins were purified by silicic acid chromatography or by preparative thin-layer chromatography on 0.5-mm-thick plates of silica gel HR (Merck), with use of redistilled analytical-grade solvents. The following fatty acid derivatives (Molecular Probes, Piano, TX 75074) were condensed with sphingosylphosphocholine:
16-(9-anthroyloxy)palmitic; 1 2-(9-anthroyloxy)oleic; 11-(9-anthroyloxy)undecanoic;
12-( 1-pyrene)dodecanoic; 10-(1-pyrene)decanoic;
11-(9-carbazole)undecanoic; 12-EN-methyl- Triton X100 (300 mL per liter, final concentration) was added, and the radioactivity in the vials was counted in a liquid scintillation spectrometer.
Assay of Sphingomyelinase
The following uncorrected maximum excitation and emission wavelengths (in nm) were found (we used a PerkinElmer MPF-44A fluorescence spectrophotometer) for cerarnide dissolved in a mixture of 0.6 mL of "Dole's pure solvent upper phase" and 2. (25) . Figure 1A shows our results on using the last-mentioned enzyme and bovine-brain sphingomyelin containing 5 mol of fluorescent substrate per 100 mol of sphingomyelin. Two to 16 nmol of ceramide were formed, and the values obtained were practically superimposable on those by radioassay. Figure lB shows an experiment in which we estimated the activity of the magnesium-dependent enzyme at pH 7.4 (8) . In this case, the same sphingomyelin mixture was used, but only 0.1-1.4 nmol of ceramide product was formed. Again, the values obtained by using the fluorescent and radioactive substrates were nearly the same. 
derivative per 100 mol of sphingomyelin. Back-extrapolation of the data of Figure 2 suggests that with pure, 100% labeled fluorosphingomyelin, enzymatic activity could be estimated in as little as 10 tg of protein. Figure 2 also could also probably be mechanized by using a suitable two-phase system that will separate the fluorescent ceramide from the still-unreacted substrate. In this work, we used commercially available fluorescent fatty acid derivatives and a simple synthetic condensation procedure.' Further adaptation could provide sphingomyelins labeled with other fluorescent probes that might have a different polarity or emit at a higher wavelength in the visible region (such as eosine, fluorescein, and rhodamine), as well as other fatty acyl residues with well-defined chain-lengths. Fluorescent derivatives of other lipids are currently prepared in our laboratory and adapted for assaying other enzymes and tIt may be of interest to investigators wishing to use the above compounds for research and clinical purposes that the fluorescent derivatives of sphingomyelin are synthesized by and can be purchased from MAKOR Chemicals, P.O. Box 6570, Jerusalem, Israel.
for diagnosing several lipid-storage diseases (e.g., Gaucher, Krabbe, Farber, and Wolman diseases, as well as metachromatic leukodystrophy).
Aside from their use in estimating enzymatic activity, the fluorescent derivatives of lipids may well have many other potential uses in cell biology. Because they can be made visible in a fluorescent microscope, they could be used to follow dynamic aspects of phenomena such as transport through cell membranes, exchange of lipids between organelles and membranes, and fusion processes. They might also be used to monitor the microenvironment of membrane8 and lipoproteins (26, 27) .
This work was supported in part by NIH grants NS02967 and HL17576.
